Multinational clinical trials increasingly incorporate patient-reported health status among clinical endpoints. [1] [2] [3] In heart failure (HF), where patients may experience significant impairments in health status, disease-and health-related quality of life (HRQoL) is an important patient-centered clinical outcome. 4 HRQoL, as it relates to health, encompasses broad concepts of physical and social functioning, mental and general health, as well as overall perceptions of energy or vitality, pain, and cognitive function. Adding to the complexity, these factors can be influenced by varying personal values, preferences, and motivation, as well as available psychological and social support. 5 In clinical trials, these endpoints measure outcomes important to patients not otherwise captured by traditional clinical or process outcomes.
In HF, the Kansas City Cardiomyopathy Questionnaire (KCCQ) is one of the most commonly used and rigorously studied instruments for quantifying HRQoL. It has been validated in multiple HF-related disease states and prior research has also shown that baseline HRQoL measured by the KCCQ predicts HF prognosis. [6] [7] [8] [9] [10] [11] However, little is known regarding variation in HRQoL across different ethnic groups, especially among patients from different Asian countries compared to North America and Europe. As such, we aimed to investigate the ethnic differences in perceived health status among patients with chronic HF with reduced ejection fraction (HFrEF) in a combined international cohort from Asia, North America, and Europe.
Methods
For the current analysis, we combined the participants from HF-ACTION (N = 1998) and the ASIAN-HF registry (N = 3699) with left ventricular ejection fraction (EF) ≤35% to form a combined cohort of 5697 patients. The trial design and results of HF-ACTION have been previously reported. 12, 13 This multicenter, randomized controlled trial compared the long-term safety and efficacy of exercise training plus evidence-based HF medical therapy versus medical therapy alone in patients with HFrEF (EF ≤35%) and New York Heart Association (NYHA) functional class II to IV symptoms. Between April 2003 and February 2007, patients were recruited from 82 centers in the United States, Canada, and France. Patients were excluded if they had comorbidities or limitations that precluded exercise training or major cardiovascular events or procedures within 6 weeks prior to enrollment or planned within 6 months after enrollment. Follow-up occurred over a median of 2.6 years. For the current analysis, patients who did not self-identify as white or black or African American were excluded (N = 121). The protocol was approved by the institutional review board or ethics committee at each institution and the coordinating center. All patients provided written informed consent.
The design of the ASIAN-HF registry has also been previously reported. 14 In brief, the ASIAN-HF is a prospective observational registry of HF patients from 11 Asian regions (China, Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Taiwan, and Thailand) that enrolled patients between 2010 and 2015. The registry aims to phenotype HF within Asia and provide unique opportunities to improve care and outcomes. Following informed consent, consecutive patients were recruited at 46 sites with HF with EF ≤40% and a history of being hospitalized or treated in an ambulatory setting for decompensated HF in the prior 6 months. Patients were excluded if they had primary cardiac valvular disease or other life-threatening comorbidities with life expectancy of b1 year. The subset of patients with EF ≤35% was included in the current analysis. All patients underwent standardized clinical assessment, electrocardiography, and echocardiography by protocol. Outcomes were adjudicated by an independent clinical events committee. Ethics approvals were obtained from the relevant human ethics committees at all sites.
Regional and ethnic groups were defined by participant-reported ethnicity at the time of enrollment and-from HF-ACTION-divided into white (N = 1324), black or African American (N = 674), and-from ASIAN-HF (restricted to LVEF ≤35%)-divided into Chinese (N = 973), Indian (N = 1448), Malay (N = 590), and Japanese/Korean (N = 688). Ethnic groups may include individuals of differing nationality (Table I) . For example, Chinese ethnicity included patients enrolled from China, Taiwan, Hong Kong, Singapore, Malaysia, and Indonesia; Indian ethnicity from India, Singapore, and Malaysia; and Malay ethnicity from Indonesia, Malaysia, and Singapore. Japanese and Korean patients within ASIAN-HF were analyzed together due to limited numbers, regional proximity, and similarities in their clinical characteristics based on our prior work. 15 Health status was measured using the Kansas City Cardiomyopathy Questionnaire (KCCQ), a 23-item self-administered HF-specific questionnaire validated in multiple HF-related disease states. [6] [7] [8] [9] This instrument has been widely used in recent international HF clinical trials and has been validated in several languages. [16] [17] [18] [19] [20] [21] [22] The KCCQ is scored from 0 to 100; higher scores represent better health status. In addition to an overall score, the KCCQ can be divided into subscores for physical limitation, symptoms, self-efficacy, quality of life, and social limitations. In both HF-ACTION and ASIAN-HF, the self-administered KCCQ at the baseline clinic visit was used in this analysis. Non-English-speaking participants used certified versions of the KCCQ translated into their native languages.
Baseline characteristics of the ethnic groups are presented as frequencies and percentages for categorical variables and as mean (SD) or median (IQR) for continuous variables. We compared differences by ethnic groups using analysis of variance for continuous variables and χ 2 tests for categorical variables. To test the association of baseline characteristics with KCCQ score, we constructed unadjusted and adjusted general multivariable linear regression models for each characteristic. We used a log-rank test to evaluate differences in survival and Cox proportional hazards analysis to compare survival for patients grouped by KCCQ quintile while adjusting for baseline characteristics (age, sex, ethnicity, NYHA class, education). We performed analyses only on complete cases and omitted those with missing values. For these post hoc analyses, we considered two-sided P values with significant defined as P b .05 without adjustment for multiplicity of testing. SAS version 9.4 (SAS Institute Inc.) was used for all analyses. No extramural funding was used to support this work. The authors are solely responsible for the design and conduct of this study, all study analyses, the drafting and editing of the manuscript, and its final contents.
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Results
In the combined cohort of 5697 participants, the median age was 60 (IQR 51-68) years, and 24% were women; baseline characteristics of the cohort by ethnicity are shown in Table II . In general, disease characteristics and comorbidities varied among the ethnic groups. Black or African American (median age 55) and Malay participants (median age 56) were the youngest, while white (median age 62) and Japanese/ Korean (median age 67) participants were the oldest. Malay participants had the highest prevalence of diabetes (48%), chronic kidney disease (57%), and ischemic etiology of HF (69%), despite being younger than other Asian ethnic groups. While use of mineralocorticoid receptor antagonists (MRA) was generally higher among the Asian ethnic groups compared to white and black or African American participants (56%-67% vs 43%-51%, respectively), use of β-blockers and ACE-inhibitor/ angiotensin receptor blockers (ACEI/ARB) was lower in Asian cohorts (Table II) . Ethnic Malay and Indian participants also reported the lowest percentage of 'any college education' versus other groups (22%-23% vs 30%-61%). Other differences in social history are presented in Table II.  Table III summarizes the patient-reported KCCQ scores and domain-specific subscales by ethnic group. Across all ethnicities, lower KCCQ scores were associated with female sex, NYHA class III/IV symptoms, higher pulse rate, chronic kidney disease, prescription of diuretics, lack of ACEI/ARB and β-blocker use, and lack of college degree (P b .01). Ethnic Malay and Chinese participants had lower KCCQ overall summary scores (58-60 vs 63-67; Malay, Chinese vs all others) and overall quality of life despite experiencing fewer symptoms and social limitation compared to other ethnicities (Table III) . After adjustment for multiple covariates (age, gender, NYHA class, education, marital status, diabetes, atrial fibrillation, ACEI/ARB, β-blockers, MRAs, and diuretics), ethnic Malay participants maintained an almost 10-point lower overall KCCQ summary score compared to white participants (57 vs 66, respectively). White and Japanese/Korean participants had the highest adjusted overall scores and highest sub-scores across nearly all of the sub-scales. In multivariable regression, ethnicity predicted KCCQ overall scores, independent of NYHA class (P b .001).
Self-efficacy, which measures confidence in the ability to self-manage symptoms, was highest among white and black or African American participants (80-82 vs 60-68, white and black or African American vs all others). However, despite having one of the highest overall KCCQ score and the lowest symptom burden and physical limitation, the combined Japanese and Korean cohort reported the lowest self-efficacy score (60 vs 64-82, Japanese/Korean vs all others). This trend persisted after adjustment for clinical covariates (P b .001). In fact, all Asian ethnic groups reported 10-to 20-point lower self-efficacy scores compared to white and black or African American participants. In multivariable modeling, ethnicity was the strongest predictor of self-efficacy scores (P b .001).
There were 420 (8.2%) participants in the combined cohort that died during the first year of follow up. Ethnic differences in mortality were observed, with mortality at one year approaching 18% in Malay, compared to 4.3% in white participants. In the entire group, mortality increased with decreasing KCCQ score quartile (Figure) . When compared to those with the lowest KCCQ scores (Quartile 1), those with a score of 75 to 100 (Quintile 4) were 49% less likely to die in the first year (adjusted HR 0.51, 95% CI 0.34-0.76, P b .001). The association of KCCQ overall score with 1-year mortality was not modified by ethnicity (P interaction = .10). In multivariable proportional hazards analysis, the KCCQ score remained predictive of 1-year mortality after adjustment for clinical 
characteristics (Table IV) . Asian ethnicity, older age, NYHA class III/IV HF, lower LVEF, lower systolic blood pressure, peripheral vascular disease, and lack of ACEI/ARB and β-blockers were also associated with worse mortality (P b .01).
Discussion
To our knowledge, these data represent the largest analysis of cross-continental ethnic differences in HRQoL among patients with chronic HF. Despite acknowledgement of the large and growing global public health burden of HF, substantial knowledge and care gaps exist, especially among low-and middle-income regions of Asia, where resources are particularly limited. 23, 24 In this study, we show that-independent of clinical covariates-HRQoL as defined by the patient's KCCQ score is significantly different among white, black or African American, Indian, Chinese, Malay, or Japanese/Korean patients with HF across Asia, North America, and France. In general, ethnic Malay participants reported the worst health status, with the most physical limitations and highest quantity of symptoms. We also show that lower KCCQ scores are associated with worse one-year mortality, but that ethnicity does not modify this relationship These results extend prior analyses of North American outpatients and international clinical trial participants-describing the association of KCCQ scores with survival and hospitalization and racial differences in KCCQ scores-to HF patients in Asia. 10, 11, 25 Our findings increase the generalizability of the inverse association between KCCQ and risk of mortality across ethnicities.
Patient-derived outcomes serve as an important endpoint in HF, a disease where functional status and quality of life remain valuable markers of well-being and an outcome important to patients. As symptom relief remains an important goal of HF therapy-and to support claims in product labeling, clinical trials now increasingly use patient-reported outcomes as study (18) 116 (19) 116 (18) 122 (22) 120 (20) 114 (19) b.001 Heart rate, bpm, mean (SD) (N = 5664)
71 (11) 72 (12) 81 (15) 83 (18) 80 (17) 77 (16) The trend is mirrored in the recognition from United States regulatory agencies of the importance of patient-centered outcomes. 28 Furthermore, patient-reported outcomes are increasingly being assessed in the clinical care setting, to risk stratify patients as well as individualize prognostic information.
11 However, as our study demonstrates, different ethnic groups may respond differently to health status questionnaires, independent of routine markers of disease severity. While we cannot make conclusions regarding ethnic differences in HRQoL in response to a specific therapy, future international clinical studies should nevertheless take the baseline differences observed in this study into consideration when designing future studies assessing patientreported endpoints.
Interestingly, we identified that the self-efficacy scalea measure of confidence in the ability to self-manage symptoms-was significantly lower in Asians compared to white and black participants from North America and France. The reasons underlying these differences are not completely understood in our current analysis. Differences in background education may explain some of the variation; ethnic Malay and Chinese participants reported the lowest levels of college education. However, cultural differences in the approach to healthcare or disparities in access to disease-related educational resources may be additional mediators, particularly for the Japanese and Korean participants. They reported almost 40% college education but significantly limited confidence about managing their HF symptoms. Empowering these patients with further tools to understand and treat their disease may improve certain components of their quality of life, but prior research has been limited. 29, 30 Alternatively, different cultures may set different priorities for disease self-reliance and self-management. It is important to note that these same Asian patients reported greater quality of life comparable to their North American counterparts. Taken together, these findings may have different interpretations. For ethnicities with the lowest self-efficacy scores (Chinese and combined Japanese/Korean participants), measuring knowledge on self-disease management may not be an important component for overall quality of life. Our analysis cannot explain the cultural relevancy of measures like self-efficacy, and further research will be needed to understand which health status measures represent important components of well-being for all HF patients worldwide. To truly prioritize patient-centered goals of therapy, our study highlights the need for a more nuanced understanding of patient goals in different ethnic and cultural settings.
Our study has several limitations. We combined a clinical trial population with HF patients enrolled in an observational registry. As such, different means of selection bias apply to both groups of patients, and comparisons made between these groups must be interpreted in this context. For example, women represented only 24% of our combined sample. Nevertheless, we believe several factors support the validity of our results. First, our sample is representative of real world HF patients. While the median age in our combined cohort was only 60 years-more than 5 years younger than a contemporary European registry of acute and chronic HF patients-their unadjusted one-year mortality is comparable to that described in the same registry. 31 Second, our combined data recapitulates the same inverse relationship between KCCQ and mortality presented in several prior studies. 10, 11, 32 Lastly, all KCCQ measurements were taken at baseline, and active trial participation is unlikely to have influenced KCCQ comparisons. Additionally, a large meta-analysis in oncology has disputed the so-called "trial effect"-the widespread belief that patients in clinical trials have better outcomes than those who do not enroll. 33 Our analysis is further limited by complex interrelationship of culture, history, race, and geopolitical identity as it relates to ethnicity and health. Ethnicity is self-identified, crossing political and cultural borders that may equally confound risk. While we adjusted for some important covariates of disease and patient risk, there remain unmeasured confounders that could predict an ethnic group's average KCCQ score. For example, knowledge of a participant's relative socioeconomic status as it relates to his regional income level may have reduced bias but was not available in our study. Notwithstanding these factors, as the largest transcontinental analysis of HF-specific health status to date, our study provides the foundation to further investigate and understand these differences.
Our study found significant heterogeneity in HRQoL among patients with HF of different ethnic groups in Asia, North America, and France, even after accounting for severity of HF and clinical comorbidities. In all ethnic groups, a low KCCQ score was independently associated with increased mortality at 1 year. These data may have important implications for the design of future global clinical HF trials that administer and interpret patient-reported outcomes as endpoints.
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